patients with a variety of underlying infections, making it difficult to apply to the knowledge for specific infections. Urinary tract infection (UTI) is one of the most common indications for outpatient antibiotic treatment. 6, 7 Therefore, we conducted a nested case-control study focusing on outpatient UTI antibiotic prescribing to explore strategies to reduce CA-CDI risk.
Methods
The study was approved by the local institutional review board and a waiver of informed consent was granted.
Setting
Kaiser Permanente Northern California provides capitated, integrated, and comprehensive healthcare to 3.9 million members. No resource has been disseminated to standardize the treatment of UTI. Two Infectious Diseases Society of America (IDSA) guidelines were used during the study period, 'Guidelines for antimicrobial treatment of uncomplicated acute bacterial cystitis and acute pyelonephritis in women', 8 and 'Guidelines for the diagnosis and treatment of asymptomatic bacteriuria in adults'. 9 To detect CDI, the health plan uniformly used the enzyme immunoassay test that detects toxins A and B. 10 
Study population
The study cohort included adults who received at least one antibiotic prescription for acute uncomplicated UTI in an outpatient care setting (including the emergency department or via a telephone visit) during 2007-2010. We excluded those who had a diagnosis of CDI recorded in the 100 days preceding their UTI diagnoses, were pregnant, hospitalized, or living in a skilled nursing facility or long-term care facility. We also excluded those who were immunocompromised, defined as having a malignancy or human immunodeficiency virus, a history of steroid use equivalent to at least 20 mg/ day of prednisone for 2 months or longer, or being on dialysis. UTI was defined using International Classification of Diseases (ICD)-9 diagnosis codes 599.0, 595.0, and 595.9. Uncomplicated UTI was confirmed independently by two infectious disease physicians and an antimicrobial stewardship pharmacist (lead author) using chart review.
CA-CDI cases.
Members of the eligible cohort who had loose stools and a positive CDI test at least 3 days after their antibiotic start date and within 90 days after their antibiotic stop date were defined as cases. The date of stool collection was defined as the case's index date.
Controls.
For each case, we randomly selected two potential controls with antibiotic-treated UTI but no CA-CDI diagnosis within the critical time period after starting and stopping their antibiotic prescription. Each potential control was matched to its case on medical center, age, and date of visit for UTI, using the closest age and date match possible. Potential controls were assigned an index date corresponding to the index date of the matched case.
Data collection
A data analyst obtained patient demographic information, antibiotic dispensing, and past diagnoses and procedures from the electronic medical record. Patient age, sex, and race/ethnicity were obtained from membership data. We obtained details of antibiotic regimens that ended within the 90-day period preceding the index date, including the agent, dose (mg/pill), frequency (pills/day), and duration (days). We also obtained gastric acid suppression treatment, including use of proton pump inhibitors and histamine-2 receptor antagonists, for the 12-month period before the index date. For patients who used both drug classes, we focused on the class used most recently before the index date. The patient's past gastrointestinal diagnoses (regional enteritis, ulcerative colitis, diverticula of intestine, and other functional digestive disorders) and gastrointestinal procedures (ICD-9 procedure codes 42-54) were obtained from ICD-9 codes recorded on the electronic medical record during the 12-month period before the index date. We also calculated the Charlson comorbidity index using ICD-9 diagnostic codes, excluding peptic ulcer disease because it is related to gastric acid suppression treatment. This index assigns one to six points to each of 22 conditions. It was originally developed to predict the risk of death in the subsequent 12 months but has been used extensively in observational research as a summary measure of comorbidity.
The infectious disease team (two physicians and one pharmacist) reviewed charts to identify the reasons for all antibiotic treatments during the 90-day period before the index date. Variables included past medical history, urinary symptoms (dysuria, urgency, frequency, suprapubic pain or tenderness), fever, urinary analysis, urinary culture date, urinary organism isolated, and results of antibiotic susceptibility testing from clinical microbiology data, if available. Although sensitivity to penicillin and amoxicillin was not performed, sensitivity to ampicillin was considered a substitute. Similarly, cefazolin was considered a substitute for cephalexin and dicloxacillin, and ceftriaxone a substitute for cefpodoxime.
Statistical analysis
We defined 'gastrointestinal comorbidity' as including relevant gastrointestinal diagnoses (including functional disorder and diverticulitis), procedures (including gallbladder or biliary tract, intestinal, and gastric operations), or use of gastric acid suppression treatment (including proton pump inhibitors and H-2 receptor antagonists). Ciprofloxacin was a commonly used antibiotic, but others were used less commonly. We combined the less commonly used antibiotic agents into groups based on the magnitude of their association with CDI risk as published in the literature: 11 high risk (cefpodoxime, ceftriaxone, clindamycin), moderate risk (amoxicillin/clavulanic acid, ampicillin, azithromycin, cefuroxime, cephalexin, erythromycin), and low risk (nitrofurantoin, sulfamethoxazole/trimethoprim, and dicloxacillin). For patients who used multiple antibiotic agents, we classified each patient based on their highest-risk antibiotic exposure within the 90 days before their index date, with ciprofloxacin placed in between low risk and moderate risk. We also counted the total number of antibiotic courses and assessed the duration of use of antibiotic.
We used logistic regression analysis to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) for the relationships between antibiotic use and risk of CA-CDI. Variables were retained in the model if they were significant at an α of 0.05 or functioned as confounders. p Values were estimated using the χ 2 test. We also estimated the population attributable risk, that is, the proportion of cases that would not have occurred in the eligible study population, if one could replace higher-risk antibiotic exposures with lower-risk exposures. 12 All analyses were conducted using SAS version 9.3 (Cary, NC, USA).
Results

Eligible cases and controls
The number of potential CDI cases identified in the eligible cohort was 99. During case confirmation, 31 patients were excluded because they resided in a skilled nursing facility or long-term care facility. Thus, the number of confirmed CDI cases was 68. Two potential controls were selected per potential CDI case, resulting in 198 potential controls. Following confirmation, 62 were excluded because they resided in a skilled nursing facility or long-term care facility. In addition, 24 were excluded because they did not have antibiotic exposure during the 90-day period before their index date, because casecontrol matching was not to the exact day. Thus, the number of confirmed controls was 112.
Characteristics of cases and controls
Characteristics of cases and controls are shown in Table 1 . Cases and controls had similar age distributions due to matching. Compared with the controls, CDI cases were more likely to be women (96% versus 81%, p < 0.01). They also were more likely than controls to have a Charlson comorbidity (any Charlson comorbidity compared with none: 21% versus 6%, p < 0.01). Cases and controls were broadly similar with respect to presence of recurrent UTI and fever at the time of the UTI diagnosis. Among 12 cases and 40 controls whose first course of antibiotic for UTI was nitrofurantoin or sulfamethoxazole/trimethoprim, 1 case (8%) and 6 controls (15%) had recurrent UTI. Cases were somewhat more likely to have used an antibiotic for reasons other than UTI during the 90-day period before their index date, to have visited an emergency department for their index UTI, and to have a positive urinalysis and urine culture test, although these differences were not statistically significant. Among the 22% of cases and 15% of controls who used antibiotic for reasons other than UTI, the indications were cellulitis, bronchitis, dental infection, and diverticulitis. Case-control differences in history of gastrointestinal comorbidity were striking (68% versus 39%, p < 0.001), and included differences in use of a proton pump inhibitor (32% versus 13%, p < 0.001), a gastrointestinal diagnosis (31% versus 13%, p < 0.01), and a gastrointestinal procedure (10% versus 4%, p < 0.07).
Relationship of antibiotic exposure with risk of CA-CDI
Recall that we required eligible cases and controls to have exposure to an antibiotic in the 90 days before their index date. Among those exposed to a low-risk antibiotic, 100% used either nitrofurantoin or sulfamethoxazole/trimethoprim. After *Controls were matched to cases on age to the closest year possible. $ Included 6 cases and 3 controls with diabetes, 6/2 with chronic pulmonary disease, 5/0 with renal disease, 4/1 with congestive heart failure, 4/1 with peripheral vascular disease, and 4/5 with other comorbidities. ‡ Gastric acid suppression treatment was obtained from pharmacy data for the 12-month period before the index date.
Patients were assigned to the drug used more recently before the index date. § Two cases and 4 controls had a functional disorder, 9 cases and 10 controls had diverticulitis. ¶ The cohort included 3 cases and 1 control with a gall bladder or biliary tract operation; 3 cases with an intestinal operation; 1 case and 1 control with an operation on the appendix; 1 control with a hernia repair; 1 control with an operation on the stomach; and 1 control with a nonspecified gastrointestinal operation. eGFR, estimated glomerular filtration rate. We used the results of the analysis in Table 2 to estimate the population attributable risk related to the antibiotic agent, using prevalence levels measured in the controls. Based on the low resistance rate to nitrofurantoin and sulfamethoxazole/ trimethoprim in our patient cohort, we assume that 85% of the population could have been switched to a low-risk antibiotic (nitrofurantoin or sulfamethoxazole/trimethoprim). We estimate that 44% of the CA-CDI cases would have been prevented, with the majority (60%) having come from the ciprofloxacin group, because this agent was used so frequently.
We found no case-control difference in the number of antibiotic courses received during the 90 days before the diagnosis of C. difficile (one course, 62% of cases, 67% of controls; two courses, 18% and 14%; three to five courses, 21% and 19%, respectively, p = 0.74). The duration of antibiotic use by antibiotic risk level (low, ciprofloxacin, moderate, high) is shown in Figure 1 . For patients who used multiple antibiotics, the duration is the sum of the total across risk levels. A total of 21% of cases and 22% of controls used an antibiotic for 15 days or longer during the 90 days before their index date. We noted that the most common regimen was ciprofloxacin for up to 14 days. We could not perform a detailed analysis of duration of antibiotics because of the small sample size and the need to account for different antibiotic risk levels.
Urinary pathogens and antibiotic sensitivities
Among those with a positive urine culture (39 cases, 50 controls), Escherichia coli was the most common pathogen (29 cases, 35 controls) ( Table  3 ). Among cases with pathologically confirmed UTI, 4 out of 29 (14%) of E. coli strains were resistant to nitrofurantoin, while 34% were resistant to sulfamethoxazole/trimethoprim. Among controls, only 1 out of 34 (3%) was resistant to nitrofurantoin, while 20% were resistant to sulfamethoxazole/trimethoprim.
Discussion
We studied the association of antibiotic exposure with risk of CA-CDI in outpatients with UTI.
Our results for patients with UTI were similar to past studies that examined a wide range of infections. 11, 12 To our knowledge, this case-control study is the first to focus on outpatient UTI patients. We are not aware of any study focused on inpatients with UTI.
Our study has two key limitations. First, because CA-CDI is rare, only 68 cases were identified for this study, despite its setting in a large population exceeding 3 million persons and the 4-year period of accrual. Second, few men were included in the study. Due to the low prevalence of UTI in men, our cohort consisted mostly of women. Thus, our study findings may not generalize well to men.
Notwithstanding the small sample size, the study provided significant and novel results. In outpatients with UTI, patient comorbidity was associated with increased risk for CA-CDI, ciprofloxacin and other moderate-to high-risk agents were frequently selected in place of lower-risk agents, and the combination of patient comorbidity with use of moderate-to high-risk antibiotics was associated with greatly increased CA-CDI risk.
Risk of CA-CDI was 6.3-fold higher (CI 1.7-24) in women than men, although few men were included in the study. This finding is consistent with two recent studies, although the association we measured was larger than past reports. 4, 13 In population-based studies in Connecticut (2006) and North Carolina (2005), women had about two times the risk of CA-CDI observed in men.
We observed that a past gastrointestinal comorbidity was associated with 2.3-fold (CI 1.1-4.8) increased risk of CA-CDI. This is consistent with a recent meta-analysis. 14 Past gastrointestinal comorbidity was highly prevalent, affecting 68% of the cases and 39% of the controls, with gastric acid suppression therapy affecting 48% of the cases and 28% of controls. Nongastrointestinal comorbidity was associated with 2.8-fold (CI 1.4-5.6) increased risk of CDI, affecting 21% of the cases but only 6% of the controls. These results are consistent with past studies, although most were focused on hospital-associated CDI cases with substantially greater comorbidity burden. 15 A gastrointestinal or Charlson comorbidity combined with use of ciprofloxacin or a more risky antibiotic was associated with 10-20 times greater risk of CA-CDI compared with the combination of no gastrointestinal comorbidity and low-risk antibiotic. The high prevalence of a gastrointestinal comorbidity in our relatively healthy population suggests that reducing overall antibiotic use in UTI management is important for combating CA-CDI in the outpatient setting. Furthermore, antibiotic consumption in community-based patients has been linked to antibiotic resistance at both the individual and community levels. 16 Because we can readily identify patients with comorbidity from their clinical history, it should be possible to shift antibiotic use to lower-risk agents in this especially vulnerable population.
Ciprofloxacin, a member of the fluoroquinolone class, was the most frequently used antibiotic. This is consistent with a national report on uncomplicated UTI in US women, 2002-2011. 17 Fluoroquinolone disrupts microbiome composition and increases the risk of colonization and infection with resistant and multidrug-resistant organisms. 18, 19 In July 2016, the US Food and Drug Administration updated its warning for fluoroquinolones' disabling side effects, which involve tendons, muscles, joints, nerves, and the central nervous system. 20 Although effective for UTI, fluoroquinolones should be reserved for the most serious cases. 21 All ciprofloxacin users were prescribed a 3-to 14-day supply, with 10-day supply being the most common, despite the recommended 3-day regimens for UTI. Broad-spectrum cephalosporins have also been associated with microbiome disruption, colonization, and infection with multidrug-resistant organisms including CDI, 11, 21 and they have inferior efficacy for UTI. 22 Although we were unable to perform a detailed analysis to determine the relationship between treatment durations that were longer than necessary and risk of CA-CDI, we recommend that practitioners consider prescribing the shortest effective duration of treatment for outpatient UTI. Despite IDSA guidelines for uncomplicated UTI, nearly 50% of cases and controls in our study received up to 14 days of ciprofloxacin, while more than 20% of cases and controls had antibiotics for at least 15 days. Greater adherence to guidelines would decrease unnecessary, prolonged and inappropriate antibiotic exposure, thereby decreasing the risk of CA-CDI.
Nitrofurantoin and sulfamethoxazole/trimethoprim were associated with lowest risk of CA-CDI compared with other antibiotic agents. Among pathologically confirmed UTI, 34% of cases and 20% of controls in our study were resistant to sulfamethoxazole/trimethoprim. 21 Previous studies reported 20% of pathologically confirmed UTI cases to be resistant to sulfamethoxazole/trimethoprim. 23, 24 Given these findings, one can recommend nitrofurantoin for first-line empiric antibiotic for UTI. 21 Until recently, nitrofurantoin was contraindicated in patients with a creatinine clearance less than 60 ml/min, however, in 2015, this cutpoint was reduced to less than 30 ml/min for short-term use (⩽7 days). 25 Of note, no patient in our study had an estimated glomerular filtration rate less than 30 ml/min. Although not used in our study, fosfomycin trometamol (3 g in a single dose) is another recommended option, although its efficacy is inferior to other standard short-course regimens. 21 For patients with UTI with multiple risk factors, we recommend nitrofurantoin as the first-line empiric antibiotic. Sulfamethoxazole/trimethoprim could also be considered as a potential first-line antibiotic for UTI in locations with at least 80% urinary pathogen sensitivity. 21 For patients who are intolerant to both antibiotics, fosfomycin may be used as an alternative.
In addition to postmenopausal status, some women are prone to recurrent UTIs (at least twice in 6 months or at least three times in 12 months) with sexual activity being a key risk factor and the mode of transmission being transfer of fecal matter from the rectum to the vagina. 26 Continuous lowdose antibiotics and postcoital antibiotics have been suggested as a management strategy. [27] [28] [29] Long-term low-dose UTI prophylaxis with nitrofurantoin is associated with rare but serious adverse pulmonary and liver reactions. 29 Long-term use of sulfamethoxazole/trimethoprim may lead to rapid antibiotic resistance. 21 Providers should consider behavioral and nonantimicrobial approaches to UTI management. Risk of progression of outpatient UTI to tissue invasion or sepsis is minimal, and studies have reported clinical cure can be achieved in 25-42% of women with uncomplicated cystitis treated with placebo alone. 30, 31 For patients who are presumed to be at low risk for progression of infection, clinicians should consider educating patients on the selflimiting nature of uncomplicated UTI, the benefit of watchful waiting, and the harm associated with overuse of antibiotics, including adverse effects and antibiotic resistance. Awareness of the harms could encourage patients to seek UTI symptom management instead of UTI treatment when clinically applicable. This would involve delaying an antibiotic order until the patient complains of pain. 32 Delaying antibiotic prescriptions and restriction of antibiotic treatment to symptomatic cases only could reduce inappropriate antibiotic prescribing. 33 Nonantimicrobial therapies including cranberry juice and tablets, probiotics, and immunoprophylaxis using Uro-Vaxom E. coli extract (Terra-Laba, Zagreb, Croatia) have shown promising results. 33 A recent Cochrane review concluded that short-term use of methenamine hippurate is effective in preventing recurrent UTIs in patients with a normal renal tract. 34 Prevention is an under-researched aspect of UTI management. Patient education on correct wiping after using the toilet, adequate hydration and frequent urination, precoital bathing and postcoital voiding, avoiding feminine products, and avoiding use of certain birth control products may reduce the incidence of UTI. Further research together with public health efforts to promote improved hygiene, sexual practices, and health behaviors among girls and women is urgently needed to reduce UTI-related morbidity and use of antibiotics for UTI.
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